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Fungal biopesticides used in biological control already cover a wide range of fungal genera and applications, including use as antagonists to fungi and agents to control insect pests. Once selected for development as microbial control agents, fungal isolates must be formally identified on the subspecies level (JENKINS & GRZY-WACZ 2000) . This will place the fungal isolate within a taxonomic rank, initially at the species level, but many fungal species are widely distributed in the environment worldwide and thus have an enormous number of particular strains. For instance, more than 700 species of fungi from about 90 genera are known as insect pathogens, with many subspecies, pathotypes, strains and isolates within some of these (CHARNLEY 1989) . Individual isolates of a particular entomopathogenic and mycoparasitic fungus may display considerable specialisation in host range, and it is becoming increasingly apparent that identification at the species level is no longer adequate (HUMBER 1997) .
Several methods have been used to describe the variation within a species of entomopathogenic and mycoparasitic fungi. These include morphological characteristics of spores and colonies, extracellular protein profiles, pathogenicity and growth or nutrient requirements (SAM-SON 1981) . Furthermore, immunotaxonomic and chemotaxonomic methods have been used, though only with limited success (BIDOCHKA et al. 1994 onomic procedures are becoming more and more complex and it is generally accepted that some forms of molecular identification techniques are needed in addition to the traditional morphological characteristics formally used to classify fungal species (BRIDGE & ARORA 1998) . Different molecular techniques were used for various applications and on different entomopathogenic and mycoparasitic fungi (HEGEDUS & KHACHATOURIANS 1996; MOR et al. 1996; FUKATSU et al. 1997; MCDONALD 1997; CASTLE et al. 1998) , including identification of fungal isolates based on polymorphism of DNA using RAPD-PCR technique (CAETANO-ANNOLES et al. 1991; EDEL 1998; ST LEGER & JOSHI 1999) . The RAPD (random amplified polymorphic DNA) technique was described in 1990 (WILLIAMS et al. 1990 ). It is a modification of PCR (polymerase chain reaction) and allows to reveal polymorphism within completely unknown samples without the need of probe hybridisation or DNA sequencing. Only one short oligonucleotide primer (6-12 bases) is used for the reaction, and the sequence of primers is fully arbitrary. The product of a reaction is a spectrum of DNA fragments differing from each other in length and nucleotide sequence. The total number of products and the length of each depend on the template DNA and primer used and is specific for a particular combination. The application of RAPD markers is similar to those of other methods based on detection of DNA polymorphism. It can be used also for characterisation of a fungal isolate by constructing a specific fingerprint or for genetic stability testing of an individual isolate. RAPD has already been used to estimate the diversity of a population, for genotype characterisation or constructing the molecular phylogeny of closely related taxons (WILLIAMS et al. 1990; HARDYS et al. 1992; SA-MEC 1993; TIGANO-MILANI et al. 1995b; OBORNÍK et al. 1997; VAKALOUNAKIS & FRAGKIADAKIS 1999) .
The filamentous fungi analyzed in this study belong to the Deuteromycetes. These conidial fungi produce their asexual spores on exposed hyphae rather than in a closed fruiting structure. Exceptionally, conidial fungi (anamorphs) occur together with their sexual state (teleomorphs) and both morphs have different scientific names (HUM-BER 1997) . Hyphomycetes are distinguished by the morphology of their conidia and conidiogenous cells and by the identity of their hosts. However, it is almost impossible to distinguish individual isolates using only morphological characters because of limited distinctive characteristics (SAMSON 1974; SAMŠIŇÁKOVÁ et al. 1983) . Moreover, neither standard laboratory bioassays nor interactions with their natural hosts offer sufficient information to identify fungi on the subspecies level (OS-BORNE & LANDA 1992) .
The aim of this study was to characterise the entomopathogenic fungi Paecilomyces fumosoroseus (Wize) Brown et Smith and Verticillium lecanii (Zimm.) Vié-gas, and mycoparasitic fungi of the genus Gliocladium by RAPD technique, with special attention to evaluate the genetic stability of strains that are used as active ingredients in commercial bio-insecticides and bio-fungicides.
MATERIALS AND METHODS

Fungal isolates
Paecilomyces fumosoroseus strain PFR 97 Apopka (ATTC 20874, stock culture from the collection of MidFlorida Research & Educational Centre, Apopka, IFAS University of FL, USA); Gliocladium virens strain GL 21 (stock culture, Thermo Trilogy Corporation, Columbia, MD, USA), and a strain of Verticillium lecanii reisolated from microbial insecticide MYCOTAL ® (Koppert B.V., The Netherlands) were used as comparative strains. Eleven isolates of P. fumosoroseus were obtained after re-isolation from various batches of microbial insecticide PFR 97 TM 20%WDG that had been produced in the period 1995-1999. Similarly, two isolates of G. virens were re-isolated from microbial fungicide SoilGard TM 12G (commercial batches produced in 1996 and 1998), and one isolate of V. lecanii originated from a commercial batch of the microbial insecticide VERTALEC ® (Koppert B.V., The Netherlands). All other isolates used in this study were acquired from various Czech Collections of Microorganisms (for details see Table 1 ).
Maintenance of fungi
For long periods all isolates were stored as dry alginate pellets, which had been formulated by mixing the centrifuged submerged biomass of monospore isolates of each isolate with sterile wheat bran and aqueous sodium alginate (EYAL et al. 1994) . Dry pellets were stored in separate plastic vials (approx. 400-500 pellets per isolate) at -23 ± 1.0°C. For the experiments, all isolates were maintained using a two-step procedure. First, dry alginate pellets were plated aseptically on 2% water agar in sterile Petri dishes and cultured at 25°C for 4-5 d to induce growth of the fungi on the surface of the pellets. Once adequate growth and sporulation of the fungi was visible, the activated pellets were rinsed in sterile 0.05% Tween 80 solution to obtain a spore suspension that was then adjusted to a standard concentration (1.0 × 10 7 spores per 1 ml) and used as the inoculum for submerged cultures. The latter were used to produce fungal biomass for DNA extraction. Sterile flasks (250 ml) filled with 100 ml of PDB (potato-dextrose-broth, SIGMA) were inoculated with 10 ml of adjusted spore suspension and shaken continuously on a rotary shaker (200 RPM, amplitude 5) at 25°C for 3 d (Gliocladium spp.) or 4 d (P. fumosoroseus and V. lecanii).
Sub-culturing of P. fumosoroseus through spruce bark beetle Ips typographus
The bio-insecticide PFR 97 TM 20%WDG (batch No. 189) was applied as a water suspension (2 g/1000 ml) on the surface of a trap-tree (a freshly felled spruce) at Modrava in the National Park of the Bohemian Forest. After 3 weeks, bark samples were cut from the treated traptree and placed into moist chambers (sterile plastic boxes with moistened filter paper on the bottom), and these were kept in growth cabinets (25°C, photoperiod 12/12 hrs) for the next 5 d. Thereafter, the adults of the spruce bark beetle Ips typographus L. (Coleoptera, Scolytidae) that were infected with P. fumosoroseus were collected from the bark, placed on the surface of 2% water agar in a Petri dish and kept for 2-3 days until distinctive proliferation of the fungus on the surface of the host cuticle. The fungus was then isolated and purified after transfer and sub-culture on PDA plates; biomass for DNA extraction was produced in submerged culture (PDB) as described above.
DNA extraction (modified method described by TIGANO-MILANI et al. [1995a] )
Approximately 100 mg of biomass obtained from submerged culture was used for DNA extraction. The biomass was frozen at -20 o C for 24 h and then ground in a 1.5 ml microfuge tube with a sterile plastic stick. The homogenized mixture was suspended in 500 µl sterile lysis buffer (50mM Tris/HCl, 150mM NaCl, 100mM EDTA), then 50 µl 10% (w/v) SDS was added, and the tubes were shaken gently. After 1 h at 37 o C, 75 µl 5M NaCl was added and mixed, 60-µl cetyltrimethylammonium bromide (CTAB) solution (10%, w/v, CTAB in 0.7M NaCl) was added and mixed again, the suspension was incubated at 65°C for 20 min and centrifuged for 2 min at 8000 RPM. The supernatant was extracted with an equal volume of chloroform/isoamylalcohol (24:1 v/v), and 0.6 volume of 2-propanol was added to precipitate the nucleic acids. The pellets obtained by centrifugation at 14 000 RPM for 10 min were washed with 70% (v/v) sterile ethanol, dried and resuspended in 100 µl of sterile distilled water. The extracted DNA was assessed on 1% TAE (Tris/Acetic Acid/EDTA) agarose gel stained with ethidium bromide (SAMBROOK et al. 1989) .
RAPD analysis
The RAPD reactions were performed in 25 µl volumes of the reaction mix: 0.2mM of each dNTPs (Promega), 0.5 µM primer (Operon Technologies), 1U Taq-polymerase (Finnzyme), 1× polymerase recommended buff- er (Finnzyme) and 1 µl template DNA, using Termocycler PTC 1160 (MJ-Research). The temperature profile for all reactions was 92°C for 3 min at the initial step followed by 45 cycles of 92°C for 1 min, 35°C for 2 min, 72°C for 3 min, with a final extension at 72°C for 10 min. The reaction products were checked by loading all of the reaction mixture onto 2% TAE agarose gel with ethidium bromide. The gels were photographed by Polaroid gel camera and pictures were digitised (600 dpi, Adobe Photoshop) and processed using Gel Manager.
Three primer sets, each with twenty 10-mer primers (Operon Technologies, kits OPA, OPB and OPF) were used to create specific fingerprints of the comparative strains (P. fumosoroseus PFR 97 Apopka, G. virens GL21 and V. lecanii MYCOTAL ® ) ( Table 2 ). The set of primers was selected for each comparative strain to generate specific patterns of bands and construct a strain-specific fingerprint. The sizes of RAPD products were estimated using Lambda/EcoR I+Hind III marker (Promega) and quantified after processing with Gel Manager.
A set of primers was selected and used to compare and assess the genetic stability of P. fumosoroseus isolates obtained from various commercial batches of bio-insecticide PFR 97™20%WDG. Eight primers from kit OPF (3-6, and 9-12) were used to compare re-isolates from different batches of this commercial bio-pesticide that had been produced in the period 1995-1997 (batches No. A33, PA 119, and PA 178) , and primers OPF 1, 6-9 and 11 were used to evaluate the genetic stability of P. fumosoroseus PFR 97 after re-isolation from commercial batches PA 189-196 that had been produced in 1998. For both, the comparative strain PFR 97 Apopka was used as the positive control. Also, the original stock culture (PFR 97 Apopka) and the re-isolate from the commercial batch that was applied to induce infection of spruce bark beetle (PFR 97™20%WDG -batch No. 189) were used as positive controls of the isolate that was purified after passage through adults of I. typographus. Primers OPF 6, 8, 12 and 15 were used to compare these three isolates of P. fumosoroseus.
Five primers from kit OPF (primers 6-10) were used to analyse two isolates of G. virens that originated from different commercial batches of the bio-fungicide SOILGARD TM 12G (produced in 1996 and 1998), and seven primers from the same kit 11, 13, 15 and 16 ) were used to demonstrate variations among fungi of the genus Gliocladium.
Finally, two commercial strains of V. lecanii (re-isolated from bio-insecticides MYCOTAL ® and VERTALEC ® ) were analyzed based on RAPD patterns generated with a set of seven primers from kit OPA (OPA 14-20), and single primer OPF 11 was used to demonstrate variability of partial RAPD patterns among different V. lecanii isolates.
RESULTS
The comparative strains were characterised by using RAPD markers, and strain-specific fingerprints were constructed based on binary characters revealed by three kits of twenty 10-mer primers of arbitrary sequences ( Table 2 ). The entomopathogenic fungus P. fumosoroseus strain PFR 97 Apopka was characterized with eight 10-mer primers from kit OPF and six 10-mer primers from kit OPB. The primers revealed a total of 167 repeatable bands that were used to construct strain-specific RAPD patterns (Table 3) . Similarly, 10 primers from kit OPF were selected to construct a specific RAPD fingerprint of the mycoparasitic fungus G. virens strain GL 21 using 95 distinct repeatable bands that were revealed (Table 4) . Finally, the entomopathogenic fungus V. lecanii strain MYCOTAL was characterised by 127 repeatable binary characters that were revealed with five primers from kit OPA, four primers from kit OPB and two OPF primers (Table 5 ). The entomopathogenic fungus P. fumosoroseus was used in three different studies. First, the long-term genetic stability of the stock strain was assessed using three isolates that were re-isolated from different commercial batches of bio-insecticide PFR 97 TM 20%WDG produced during 1995-1997. The RAPD analysis based on binary characters revealed by the selected eight OPF primers demonstrated that stock strain PFR 97 Apopka and all re-isolates were identical (Fig. 1) . Likewise, genetic stability and homogeneity was verified among eight isolates of P. fumosoroseus that were re-isolated from different batches of PFR 97 TM 20%WDG that had been produced and distributed during 1998; there were no differences between the RAPD patterns of these isolates which thus were considered as genetically identical (Fig. 2) . Finally, P. fumosoroseus re-isolated from infected adults of I. typographus was compared with the original stock strain PFR 97 Apopka and with an isolate from the commercial batch of bio-insecticide PFR 97 TM 20%WDG that was used to pass the pathogen through its natural insect host. In this study, four primers from kit OPF were used to generate the RAPD patterns. Repeatedly, no differences were detected when RAPD spectra of these three isolates were analysed (Fig. 3) . Long-term genetic stability and homogeneity of G. virens strain GL 21 was demonstrated when two isolates from commercial batches that were produced and distributed in 1996 and 1998 were analysed. The RAPD patterns created with five primers from kit OPF proved the identity of both isolates (Fig. 4) . By contrast, significant differences in RAPD patterns were detected between various isolates of mycoparasitic fungi of the genus Gliocladium (e.g. G. virens, G. roseum and Gliocladium spp.) (Fig. 5) . The dendrogram constructed from RAPD characteristics and generated from the similarity matrix indicates identity of G. virens GL 21 isolates and a close relationship of these with another strain of G. virens (CCM 8042) . Simultaneously, all other isolates were considered as outliners and P. fumosoroseus was clearly distinguished and separated as an outgroup (Fig. 6) .
A comparison of RAPD patterns generated with seven primers from kit OPA of re-isolates from two different bio-insecticides (Mycotal ® and Vertalec ® ) based on the entomopathogenic fungus V. lecanii indicated genetic Fig. 2 . Stability of the strain specific RAPD pattern demonstrated by several strains of P. fumosoroseus (M = marker, A = comparative stock strain, 189-196 all re-isolates from commercial batches of PFR 97™20%WDG (see Table 1 ) identity of both isolates (Fig. 7) . On the other hand, obvious differences between various isolates of V. lecanii were discovered when the RAPD pattern was completed with only a single 10-mer primer OPF 11 (Fig. 8) .
DISCUSSION
A range of biopesticides based on filamentous fungi is commercially available (MENN & HALL 1999) . The regulatory environment has been generally favorable to fungal-based biopesticides, but recently new data requirements for bio-pesticide products were established, with special emphasis on the identification and detailed description of the fungal strain as an active ingredient of a particular biopesticide (NEALE & NEWTON 1999) . Current legislation requires precise environmental and epizootiologial information even before none-native fungi are released, including when used for research purposes only (JEN- Patterns generated by primers from kit 7, 8, 11, 13, 15 & 16 (SG1 = G. virens GL21, SG2 = G. virens GL21, VIRENS = G. virens CCM 8042 , SP = Gliocladium sp. CCF 783, ROSEUM = G. roseum strain CCM 8070 and PFR = P. fumosoroseus PFR 97 Apopka; for details see Table 1) KINS & GRZYWACZ 2000). Besides, once selected for development and utilisation as a microbial control agent, the fungal isolate must remain stable and be clearly identifiable at the subspecies level. This level of identification is particularly important as it provides a mechanism for tracking the progress and fate of the agent in the environment, and to validate the purity and identity of the registered formulations and a standard reference that may be used to register or protect an individual isolate (JEN-KINS & GRZYWACZ 2000) . The standard RAPD method for evaluation of the fungi Paecilomyces fumosoroseus (TIGANO-MILANI et al. 1995a; OBORNÍK et al. 1997) and Gliocladium virens (LEXOVÁ et al. 1998) was modified with special attention to its routine and easy use. This procedure enables precise characterisation and identification of individual strains and eliminates problems with lower reproducibility of RAPD patterns or problematic interpretation of complex banding patterns as reported by WILLIAMS et al. (1993 ), HARDYS et al. (1992 , SAMEC (1993) , BACKEL-JAU et al. (1995) , TIGANO-MILANI et al. (1995b) and MCDONALD (1997) . Optimiaation of reaction conditions and selection of suitable primers overcame those disadvantages. RAPD products generated by each particular primer were highly reproducible and no variation was found in reactions from different DNA extractions. Also, precise digital processing of electrophoresis gels is necessary to avoid problems with reproducibility of the obtained data.
RAPD patterns of P. fumosoroseus isolates obtained from commercial batches A33, 119 and 178 showed no differences; all were identical with the pattern of the original stock strain PFR 97 Apopka. There were also no differences between the RAPD pattern of PFR 97 Apopka and those of isolates obtained from eight commercial batches (coded 189-196) . Likewise, RAPD analysis did not reveal any polymorphism among isolates of P. fumosoroseus that had been used as active ingredients of commercial batches of PFR™20%WDG produced and distributed from 1995 to1998. These results confirmed the genetic stability of strain PFR 97 Apopka, because no significant changes in genome structure appeared during its long-term processing and use. Nevertheless, RAPD analysis enabled to detect and differentiate even negligible changes in the genome of PFR 97 Apopka. Distinct changes in RAPD patterns had been induced by 10 consecutive passes through a natural host, the two spotted spider mite Tetranychus urticae (Acarina, Tetranychidae) (unpublished data). It demonstrates that RAPD analysis is sufficiently sensitive to distinguish changes in genome structure caused by simple manipulation with the strain. On the other hand, no changes in RAPD fingerprint were detected after passage of PFR 97 Apopka through adults of spruce bark beetle I. typographus, re-isolated and purified through sub-culturing on PDA and compared with the original stock strain. This demonstrates the possibility to take advantage of the RAPD technique as a suitable tool to evaluate the genetic stability of strains after having been applied in and re-isolated from the ecosystem (JENKINS & GRZYWACZ 2000) . RAPD analysis of various isolates of GL 21 (G. virens) proved the genetic stability of this strain and found no changes in genome structure that might be related with long-term maintenance. Similar to other fungal bio-control agents (AVIS et al. 2001) , RAPD markers could be recommended to monitor the genetic and environmental fate of GL 21 as the active ingredient of commercial biofungicides. In addition, the genetic assessment of fungi of the genus Gliocladium confirmed the possibility to use the RAPD technique to differentiate and identify these fungi even to the level of individual isolates, which is a precondition for both detecting the origin of a particular isolate and monitoring its fate in the environment.
Finally, the study aimed to compare two strains of V. lecanii confirmed data that had already been published earlier (MOR et al. 1996) about the genetic identity of V. lecanii strains which are used as active ingredients in two different bio-insecticides. RAPD analysis proved a very close relationship between re-isolates from the bioinsecticides MYCOTAL ® and VERTALEC ® , and clearly visible and detectable differences between these isolates and other strains of V. lecanii. Again, this level of identification seems particularly important as it provides a mechanism to validate the purity of a fungal strain in a formulation and that can be used as standard reference to register or protect an individual fungal isolate (JENKINS & GRZYWACZ 2000) .
DNA polymorphism can be revealed by various molecular techniques, with some of them being even more sensitive (e.g. AFLP, RFLP, sequencing). Nevertheless, differentiation of fungal strains and species by RAPD certainly is an easy tool to detect polymorphism in a large number of samples at relatively low cost, and may be routinely used as an obligate parameter for registration, quality control and to study the fate of a particular agent in the environment.
